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SUMMARY

AninvestigationhasbeenmadeintheIangley
tunnelto obtainthestaticlongitudinalforceand

transonicblowdown
momentcharacteris-

ticsofan aspect-ratio-lo73)3-percent-thickdeltawingandanaspect-
ratio-1.73,k-percent-thickclippeddeltawing(taperratioO.4),each
mountedon a slender%ody. B~h wingshadNACA65AOOXatioillsections
parallelto thebodycenterline. me wch numberri.ngewasfrom0.76
to 1.39at .mglesof attackashighas20°. Atlowanglesofattack,
theReynoldsnumberwasabout7 x 106forthefulldeltaand6 x 106for
theclippeddelta.

Resultsoftheinvestigationindicatethatalthoughtheclipped
winghada 9-to 15-percenthigherlift-curveslopethroughouttheMach
nmiberrange,thefulldeltahadappreci~lylowerzero-liftdrags,
6-to 20-p;rcenthigher
aerodynamiccenterwith

lift-dragratios,&d a muchsmallers~-ti
changeinMachnmiber.

INTRODUCTION

Theadvanceof airplsueoperationalspeedsintoandthroughthe
transonicrangehasledto an ticreasedneedforaerodynamicinforma-
tiononlow-aspect-ratiowQgs. Theconibinedconsiderationsoflow
dragj”satisfaclmrystability,and~ame strengthhaveledto compro-
misesinleading-edgesweep,w5ngthickness,andaspectratio.Several
investigationshaveprovidedinformationonthelongitudinalcharacter- o
isticsofthin,swept,low-aspect-ratiowings.Forexsmple,inrefer-
ence1 thehighsubsonicandlowsupersonicchmacteristicshavebeen
suuunarizedfora ratherlargentier ofwing-fuselsgeconfigurations
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employinglow-aspect-ratiowingsofvariousplanfo~j theReyuoldE
nmbersforthesetestsrangedfromabout2.5x 106to about7 X 106.
Forthetransonlcspeedrange,references2 and3 presentrathersmaU-
scaleresultsofextensivesystematicinvestigationsofthe”wing-slone
characteristicsofthin,low-as~ect-ratio,tapered-s by thetransonic-
bumptechmique.TOprovidetransonicinfor&tionon--body configu-
rationsatrelativelylargescale,a seriesof tivestigationswasmade
b theLangleytransonicblowdowntunnel.Thefirstthreeinvestiga-
tionsoftheserieshavebeenreportedinreferencesk,5,and6. The
presentreportcontainsthecharacteristicsoftwoaspect-ratio-l.73
wings,oneoffulldeltaplanformand3-percentthicknessandtheother
of clippeddeltaplanform(taperratio0.4)andk-percentthiclmess.
Thedifferencestithicbesswerechosentoprovideapproximatestruc-
turalequivalenceonthebasisofrootbendingstresses.Thetestswere
madewiththe-s mountedona slenderboclvatMachnunbersfromo.76
to 1.39atsagles-of
themeanaerodynamic
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Geometricdetailsofthetwo~-body configurationsareshownin
figure1. Bothwingshadanaspectratioofl.~ andNACA65AOOXair-
foilsectionspsrallleltothemodelcenterlineandwerelocatedonthe
bodysolkt the 6/4 pointforeachwingwasatthesamelongitudinal
bodystation.Thefulldeltawinghada 6’70leadlng-edgesweepand
3-percentthichess.Theclippeddeltawinghada 45°leading-edge
sweepand4-percentthiclmess.

Thetipofthelatterwing(hereafterreferredto astheclipped
~) wasformedbyrevolutionofthetip-sectionordinatesaboutthe
chordline.Allwingsweresolidsteelandweremountedwithzeroinci-
denceandzero~edral atthebodycenterline.

.— —..—— —z — —.—_ — –—. .
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Thebodywasa hollowsteelshellhavinganogivalnose3.5dism-
etersinlengthanda cylindricalafterbody.Thefinenessratioofthe
bodywas9.63.-Theradiusof curvatureoftheogivalnosewaa12.5body
dismeters.

Tunnel

TheinvestigationwasconductedintheIangleytransonicblowdown
tunnelinwhichMachnmibersupto 1.4canbe attained.At a givenMach
nmiber,theReynoldsnunbercanbe variedfromapprmdmately8 x 106
to 24x 106perfootof chordby vw@ng thestagnationpressurefrom25
to 70lb/sqin.*s. (psia).Machnuniberdistributionatthemodelloca-
tionwasconstantwithin*.01. (Seeref.k fordistribution.)

Tests

Theinvestigationcovereda Machnumberramgefrum0.67to 1.30at
anglesofattackfromabout0°to 12°fora stagnationpres~ of “
70lb/sqh. *S andatanglesof attackfrom10°to 20°fora stagna-
tionpressureof35lb/sqin.abs. Fora Machnmiberof1.38,datawere
obtainedata stagnationpressureof50lb/sqin.*S atanglesof
attackfromabout0°to 1.2°.Thelimitsofangleofattackweredictated
bybalanceloadlWtationsorby theangle-of-attackmechanism.Reynolds
nmibersbasedon G forthevariousstagnationpressms areshownin
figure2. Foralltests,thesurfaceofthemodelwasina smoothcon-
dition.Shockfiflectionsfromthetunnelwallintersectedthemodel
atMachnmibersbetween*out 1.04and1.10.~ch asthiscondition
introducestunnel-walleffectsontheforceamdmomentdatawhichmayhe
appreciable,no dataarepresentedinthisMachnumberrange.

Measurements

Themodelwasattachedto an internalthree-componentstrain-gage
bslancew~ch b turnwasattachedto a stingsupport.(Seefig.1.)
Twosmallpressuretubesexben.dedinsidethebaseofthebodyforthe
PWose ofrecordbgbasepressures.I?ormalforce,chordforce,
pitchingmoment,andbase-pressuredatawererecordedsimultaneouslyon
film.Thechord-forcecoefficientwasadjustedto a conditionofbase
pressureequalto free-stresmstatic,pressure.Normal-andchord-force
coefficientswereconvertedto liftanddragcoefficientsby theusual
methods.U additionto thepreciouslymentionederrorinMachnumber
distribution,thereisa variationofMachnumberwithangleofattack,
andtheoverallaccuracyiswithin*O.015.

.
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Corrections.

Reference7 showsthatforslottedtunnelswheretheratioofmodel
sizetotunnelsizeis&iboutthatofthepresentinvestigation,thesub-
sonicjet-boundaryeffectsarenegli@blejtherefore,no suchcorrection
hasbeenmadetothedata.Angleof attackwascorrectedforstingand
balancedeflectionresultingfromaerodynamicload.

~ referencek,benchtestswerereportedforan aspect-ratio-3,
3-percent-thickdeltawingto estimatetheaeroelasticeffects.For
thatcase,itwasfoundthatforthelargestforcesmeasuredaeroel.as-
ticityproduceda 2-percentdecreaseinlift-curveslopesndlessthan
0.016forwardshiftinaerodynamiccenter.Itwouldbeexpectedthat
forthepresentloweraapectratio(1.~),theaeroelasticeffectswould
be evenless. lhthedatapresented,therefore,no correctionforaero-
elasticityhasbeenapplied.No othersystematicerrorsarelmownto
existsnd,inregardto rsndomerrors,itisbelievedthatanindication
oftheaccuracyofthedatacanbed be determinedfrm thescatterof
testpoints.

.
PHHNTMTON OFRESUIU5

Theresultsoftheinvestigationarepresentedasfollows:

Eu3!?zs
CL S.$-t ~ for-
Fulldeltawimg.. . . . . . . . . . . . . . . . . . . . . . . 3(a)
Clippeddeltawing. . . . . . . . . . . . . . . . . . . . . . 3(b]

@L/ti)cL+ Wtist Mforbothms ”””””””””””””” 4

~ %a@t CLfor-
Fulldeltawing. . . . . . . . . . . . . . . . . . . . . . . . ;[a;
Clippeddeltawing . . . . . . . . . . . . . . . . . . . . . .

CD(a_bcL=ojO.lj0.2,0.3,0.4, *0.5)
againstMfor bothwings.. . . . . . . . . . . . . . . . . . 6

Longitudinalareadevelopment. . . . . . . . . . . . . . . . . . 7
.

L/DagatiStcLforboth~s . ...”.=..”..=.. . . . 8

. . . .—. -. ——-— —— __— .—. .
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Q3K2
(L/D)= ~d c~pt againstMachnmhr forbothwings. . . . . . 9

.

1.

Drag-due-to-liftfactoragainstM at~
%@””””””””””” 10

CL~-t & for-
FuJldeltawing.. . . . . . . . . . . . . . . . . . . . . . .

[
11 a)

Clippeddeltawing. . . . . . . . . . . . . . . . . . . . . . U b)

(%pL)c@wtistMfOrbOth-s““””””””””””” u
DISCUSSION

L3f’tCharacteristics

ofliftcoefficientagainstangleofattackaxe
3. ‘I!helm curvesforbothwingsarelinearthrough “

Thebasicdata
presentedh figure
theMachnumberrangew tovaluesoftheliftcoefficientofaboutO.3
forthefulldeltawfngandO.2fortheclippeddeltawhg. Athigher
liftcoefficients,thelift-curveslopeforthecli~eddeltawbg was
markedlymorenonlinearthroughotitheMachnuuiberrsmgethsmwasthat
forthefulldelta.Similardegreesofnonlinearityinlow-aspect-ratio
lift—curvesl~”eswerepresentedinreference8 fora fulldeltaanda
clippeddeltawing. Thegreaterincreaseh lift-curveslopeatmoder-
ateliftsfortheclippedwingindicatesthattheincreaseinliftdue
to swept-leading-edgevortexformationmorethanoutweighsthedecrease
inliftthat= occurasa resultof separatedflowoverthetip.
Thesetwoeffectsonliftaremorenearlybalancedfortheflilldelta
w@g, as indicatedby thenearlylinearvariationofliftwithangleof
attadcthroughthemoderateliftrange.Theextensionofthenonlin-
earitytitothesupersonicrangeindicatesthatthewingresponds
lsrgelyto subsonicflowphenomena.Althoughmaxhmmliftwasnot
attdnedoneitherwing,theroundingoffoftheliftcurveforthe
clippedwingatthehigheranglesofattackandthroughthes~sonic
Machnmiberrangesuggestsa somewhatlowermaxhumliftfortheclipped
wingthanforthefulldeltaw3ng. Thiswouldbe eq?ectedonthebasis
ofgreaterleading-edgevortexstrengthforthewingwithhighestsweep.
(Seeref.9.)

A plotoflift-curveslopepresentedinfigurek forthetwowings
.

indicatesthatat zerolifttheclippedwhg hasabout9 percentmore
liftingefficiencythanthefuld.deltawinginthesubsonicrangeand
about15percentmoreinthesupersonicrange.Althoughthisresultis ‘
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largelydueto differencesinleading-edgesweep,some.
inlift-curveslopeispartlyduetothefactthatthe

7

ofthedifference
exposedareaof

theclippedwingislargerandpartlydueto thefactthatseparation
maybeginto occuronthetipsofthefulldeltawingatverylowangles
ofattack.Itwouldnotbe expectedthatthedifferenceint+ickness
ofthetwowingswouldcontributemeasureabl.ytotheirdifferencesin
liftvariationatthelowsinglesofattack.(See,forexsmple,theneg-
ligibledifferencesduetothicknessdiscussedinreference~.)

Themethodofreference10hasbeenusedto determinethetheoret-
ical.lift-curveslopesofthewing-bodyconibinations.Thismethod
requiredwing-alonelift-curveslopeswhichwereobtainedfromthethe-
oriesofDeYoung(ref.U) andLapin(ref.12),respectively,forthe
subsonicandsupersonicspeedranges.Althoughtheoreticalpotentid-
flowlift-curveslopesareusuallygreaterthanexperimental.slopes,the
theoreticalvaluescalculatedforthepresentwingsofaspectratiol.~
weregenerallylessthanorequaltothemeasuredvalues.Eventhough
inreference5,themethodpredictedas dxpectedforaspectratiosof3
andabove,thepresenttheoreticalresult,forsubsonicMachnmibersat
least,seemsto indicatean inadequacyofthetheoryforaspectratios

1. aslowas1.73.Abetterindicationoflift-curveslopeforthelow-
aspect-ratiowingsinthehighsubsonicMachnmber rangemsybe obtained
by themethodsofreference13.

.

Basicdragdatain
ficientinfigures5(a)
ntier at constantlift

DragCharacteristics

coefficientformareplottedagainstliftcoef-
and5(b).A CrOSSplOtOfdragS@nSt ~ch
h figure6 indicatesthatat zero~ the

clippedwinghasanappreciablyhigherdrsgcoefficientthanthefull
deltawingthroughouttheldachmmiberrange;thiswasprobabl.ylargely
dueto differencesin ~osed surfaceareaandto a lesserextentdueto
differencesinReynoldsnumber.Thezero-lifttransonicdragrisewas
moreabruptandthesupersonicdragwashigherfortheclippedwing
becauseoflesssweep,greaterwing,thicknessratio,largerexposedwing
area,enda lessfavorablesreadistribution.(Seefig.7.) Asthelift
coeff~cientwasincreased,relationshipbetweenthedragcurvesforthe
wingsreversedfromthatat zerolift;atthehigher1~, thefulldelta
winghada somewhathigherdrag,prob~l.ybecauseoftheseparatedflow
overthetip.

Valuesof (L/D)_ and
%

takenfromfigure8 arepresented

infigure9. Thefulldeltawingldval.uesof (L/D)H from6 to
20percenthigherthantheclippedwingthroughouttheMachnumberrange.

. .
b

..--. —. ——. ..—. ~ _ —.-—. .. . ..—— .—. —.. . —-—_-— .-
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Thesevaluesof (L/D)= occurredatvaluesoftheliftcoeffi-

cientC%pt thatweresomewhatlowerforthefull.deltathanforthe

&lippedwing. Bothoftheforegoingresultsarelargelyduetothedif-
ferencesin zero-liftbag forthetwoconfigurations.(Seefig.10 for
similarimbetweenthedrag-due-to-liftresultsforthetwomodels.)
Thegeneralvariationin (L/D)- withMachnumberforbothwingsis
dueshoutequallytothevariationin zero-liftdragandininduceddrag,
as indicatedby a comparisonoffigure6 andfigure10.

Thecalculatedvaluesofmsximmlift-dragratiopresentedinfig-

r

1ure9 wereobttiedfrm therelation~ —.
2 K~o

Forfull.leading-edge

suction,theinduced~agfactorK formibsonicspeedswastakenas
as l/ti andforsupersonicspeedsthefactorwasobtainedfromrefer-
ence12;thevaluesof ~. usedwerethemeasuredvalues.Ingeneral.,

itmightbe expectedthatthecalculatedvaluesof (L/D)m forfull
leading-edgesuctionwouldbe higherthanmeasuredvalues,especiaUy
inthesupersonicrange.Thefactthatthetheoreticalvaluessrelower
thanthemeasurementsfortheclippedwingisan indicationoftheind-
equacyofthemethodofreference12 forsuchlowaspectratiosin com-
binationwithhightaperratios.

l?itch3ng-MomentCharacteristics

Thebasicpitching—moment curvesforthetwowingsindicate,as
showninfigureU_,thatthemmnentsforthefulldeltawingvariedlin-
earlywithliftthroughotithetestMachnmiberrangeanduptohigh
lifts(=ceptforslightnonltiearityat M = 0.98and1.01);onthe
otherhand,the’momentsfortheclippedwingvariedina markeUynon-
linearmsnnerwithliftatthes@sonicMachmmibersandgraduallybecame
morenearlylinearinthesupersonicrange.SMlar differenceinthe
ltiearityofthepitching-mamentcurvesat slibsonicspeedsfora clipped
anda fulldeltawingofaspectratio2 werepresentedinreference1.

Thevariationsoftheslopeofthepitching-momentcurveswithMach
nmiberat zeroliftareshown4 figure12,whereitmaybe seenthat
theaerodynamic-centerpositionsforthetwowingsarewidelydifferent,
largelybecauseofdifferencesinleading-edgesweep.It isnotexpected
thatthedifferencesinthicknessofthetwowingswouldcontribute
measur~lytotheirtiferencesinpitching-momentcharacteristics.
(See,forexample,thenegligibledifferencesdueto thichessdiscussed
inreference5.) Theaerodynamic-centqrpositionofthefulldeltawing
hada muchsmallerandmoregraduslvariationwithMachnumberthanthat
oftheclippedwing.

.
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Thetheoretical.valuesofaerodynamiccenterweredetermhedby
themethodofreference10. Thismethodrequiredthewing-donelift-
curveslopes,whichwereobtainedfromreferences11 andI-2,andthewing-
alonecentersofpressure,whichwereobtainedfromreference10. In
spiteoftheinadequacyofthemethodofreferencesU. andI-2inpre-
dictinglift-curveslopesforlowaspectratios,thetheoreticalvalues
ofaerodynamic-center
values.

positionaretithin&rout-0.06; ofthemeasured

CONCIJJSIONS

TestsintheUmgleytransonicblowdowntunnelto determinethe
staticlongituw aerodynamiccharacteristicsattransonicspeedsof
a k-percent-thick,aspect-ratio-l.~clippeddeltawinganda 3-percent-
thick,aspect-ratio-l.73deltawing,eachmountedona slenderbody,led
tothefollowtngconclusions:

1.Theclippedwinghada lift-curveslope9-to 15-percenthigher
throughthetestMachnumberrangeof0.76to1.39. Thel~E’tsforthe
clippedwingathighsinglesofattacks~ested a somewhatlowermaxhum
liftthanthoseforthedelta-.

2.
outthe
exposed
torsin
ratio.

3*

Theclippedwinghada higherzero-liftdragcoefficientthrough-
Machnumberrangetti thefdl delta,mostlybecauseoflarger
wingaea snda smallerchordReynoldsnumber.Additional.fac-
thesupersonicrsmgewerethesmallersweepand~eaterthickness

Themaximumlift-dragratioforthedeltawingwasfrom6-to
20-percenthigherthroughouttheMachnumberrange.

k.Theaerodymmniccenterofthefulldeltawinghadamuch smaller
anda moregradualrearwardmovementwithincreasesinMachmmiberthan
theclippedwing.

LangleyAeronautical.Laboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Va.,Jtie1, 1956.
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